The Bell System Technical Journal 

Vol. XIX July, 1940 No. 3 



F 



Crosstalk in Coaxial Cables — ^Analysis Based 
on Short-Circuited and Open Tertiaries 

By K. E. GOULD 

The problem considered herein is that of estimating, from meas- 
urements on short lengths of coaxial cable, the crosstalk to be 
expected in long lengths of the same cable. The method devel- 
oped, which is particularly applicable to cases in which the effect 
of tertiary circuits on the crosstalk is large, is based on measure- 
ments of crosstalk in a short length, with the tertiaries first short- 
circuited and then open. The application of this method to the 
cable described in the companion paper by Messrs. Booth and 
Odarenko gave crosstalk values in good agreement with their 
experimental results. 

Introduction 

OR a number of years the problem of crosstalk summation in long 
open-wire lines or cables has been studied by measuring; crosstalk, 
in phase and magnitude, in short lengths. The crosstalk within a 
short length, between two circuits terminated in their chaiacteristic 
impedances, would be measured with all important tertiary circuits 
also approximately terminated. Then the crosstalk between two 
circuits in adjoining short lengths would be measured with the ter- 
tiary circuits terminated. From these coefficient measurements the 
crosstalk in a long length could be estimated by a process of integration. 
The application of this general method to crosstalk in the usual 
types of coaxial cable would require great accuracy in the coefficient 
measurements, because in 'onger lengths the desired crosstalk value 
depends on the diffe -ence between two nearly equal quantities involv- 
ing the coefficients. Tn the following analysis the computation of the 
crosstalk for long lengths of co.ixial cable is based on crosstalk measure- 
ments, in phase and magnitude, between two coaxial circuits in a 
single short length with the tertiary circuits first open and then short- 
circuited, no crosstalk measurements with terminated tertiary circuits 
being involved. 
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This method of analysis, when applied to the twin coaxial cable 
described in the companion paper by Messrs. Booth and Odarenko, 
gave results in good agreement with the measured crosstalk. 

In this analysis it was assumed that all the tertiary circuits could be 
combined and considered as a single circuit. Although no evidence 
has been found that with the types of structure studied so far, better 
accuracy would result from the further refinement of considering two 
or more dissimilar tertiary circuits with coupling between them, 
there is one case of practical importance which cannot be handled with 
the single-tertiary analysis. This case is that of the interaction cross- 
talk (that is, the crosstalk by way of a tertiary circuit) between two 
adjoining lengths of coaxial cable, when, at the junction, part of the 
tertiary conductors are short-circuited to the outer coaxial conductors 
while the remaining tertiary conductors continue through with no 
discontinuity. This problem might be of importance where, at a 
repeater, the outer coaxial conductors and the sheath are bonded to- 
gether, but paper-insulated pairs in the same sheath provide an un- 
interrupted tertiary circuit. The near-end crosstalk under such condi- 
tions might also differ significantly from the values indicated by the 
single-tertiary analysis. 

The two-tertiary analysis is too long to be given here in detail, and 
hence has been outlined only to such an extent as to indicate the 
derivation of the formulas for interaction crosstalk when one of the 
tertiaries is short circuited and the other terminated in its character- 
istic impedance. The formula for near-end crosstalk under this condi- 
tion is given without derivation. 

I — Identical Coaxial Lines Symmetrically Placed 
WITH Respect to a Single Tertiary 

The first case we shall consider herein is that of any number of 
identical coaxial lines with the outer coaxial conductors in continuous 
electrical contact and symmetrically placed with respect to a single 
tertiary circuit, such as that which might be provided by a sheath sur- 
rounding the coaxial lines and insulated from the outer coaxial con- 
ductors, or by a surrounding layer of paper-insulated pairs. Through- 
out we shall assume that the reaction of the induced currents upon the 
disturbing line is negligible. 

Following a nomenclature analogous to that of the Schelkunoff- 
Odarenko paper,' we will designate by Zn the mutual impedance per 
unit length between any two coaxial lines in the presence of the other 
coaxial lines but in the absence of any other conductors. The mutual 

1 Bell System Technical Journal, April, 1937. 
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impedance per unit length between any coaxial line (in the presence of 
the other coaxial lines) and the tertiary circuit consisting of all of 
the coaxial outer conductors with return by way of the sheath or other 
tertiary conductors, we will designate by Z13. 

If we consider the crosstalk between two coaxial lines of length, /, 
such that the coaxial lines and the tertiary are electrically short, each 
coaxial line being terminated in its characteristic impedance Z and the 
tertiary open at each end, the crosstalk (near-end and far-end being 
identical for such a length) is given by 

2Z ■ 

If, now, we consider a case similar except that the tertiary is short- 
circuited at each end, the crosstalk is the above term plus the effect 
of the tertiary current I3, which, for unit current in the disturbing 
coaxial line, is given by 

■^33 
where Z33 is the series impedance of the tertiary circuit per unit length. 
This tertiary current will produce a current f — „^ j in the dis- 
turbed coaxial line and the total crosstalk will be 

Z12I Z'lil 



2Z IZZz^ 
If we designate ^ by X and „ " by ^, then, for an electrically 

ZZ Z12Z33 

short length, X will represent the crosstalk per unit length between 
two coaxial lines with the tertiary open, and X(l — f) the crosstalk 
per unit length with the tertiary short-circuited . In the formulas 
developed below these quantities will be found to be of fundamental 
importance. 

Tertiary Terminated in its Characteristic Impedance 
Far-End Crosstalk 

From the Schelkunoff-Odarenko paper, the sum of the direct far-end 
crosstalk (eq. 19) and the indirect far-end crosstalk (eq. 40) for any 
length under these conditions gives the total far-end crosstalk Ft, as 
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where 

Z3 = characteristic impedance of tertiary circuit, 
7i 73 = propagation constants of coaxial lines and tertiary 
circuit respectively. 

This may be rearranged and written (since Z^ja = Zas) 

Z12/ 2 13/ Z^ 13 



Ft = 



2Z 2ZZ33 2ZZg 



,, r h' 73/ 1 -e-^y^-y^^ 1 -fl-(..+r>( \-| 

^ [73^ - y 2\ (73 - yy '^ (73 + 7)" /J ^ ^ 

x(-(:,^^^+^^^+^)]- (2b) 

This formula has been found to be applicable, with good accuracy, to 
the types of coaxial cable which have been studied so far. The quan- 
tities X and X(l — i) are determined from crosstalk measurements on 
a short length, and the propagation constants are of course readily 
determined. 

Near-End Crosstalk 

A similar approach to the problem of the near-end crosstalk Ni with 
the tertiary terminated in its characteristic impedance, using equations 
(10) and (32) of the Schelkunoff-Odarenko paper, gives 

iV, = X I (1 - e-2^0 ' ^ ~ ^ ^'^ 



= x[(i- 



27 2(73=* - y') 

I 



Here, as in the case of equation (2b) above, the crosstalk may be 
computed readily from crosstalk and impedance measurements on a 
short sample. 

Interaction Crosstalk 

Far-End Far-End and Far-End Near-End 

We will consider the interaction crosstalk between two adjoining 
sections of lengths / and /', respectively, the tertiary being connected 
through at the junction, with no discontinuity. The tertiary current 
tail) at the far end of a section of length /, for unit sending-end current, 
with the tertiary terminated in its characteristic impedance, is readily 
formulated as 

nil) = ^7- — — - ■ (4) 

IZ3 73 — 7 
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In the adjoining section, with the tertiary terminated in its char- 
acteristic impedance, the tertiary current ia(y) will be given by 
h{1)6~'''^> where y is the distance measured from the junction of the two 
sections. 

This tertiary current Uiy) will produce a far-end current in the 
disturbed coaxial of 



Zz 73 — 7 Ja 



The equal-level far end-far end interaction crosstalk FF, being this 
far-end current divided by e~'^"+''*, may be obtained as 

FF = ^.^^^^ ,, (I - c-(^.-^>0(i - e-^y^-y^- (5) 

2(73 - yr 

The near-end current in the disturbed coaxial due to the current 
laCy) is given by 

-^_ e-y^ye-y^y. 

4ZZ3 73-7 Jo 

From this the equal-level far end-near end interaction crosstalk FN, 
being this near-end current divided by e~y\ may be obtained as 

FN = ^, ^^^^ ,, (1 - e-(^»-^>')(l - e-'i-^+^'O. (6) 

2(t3^ - T) 

Near-End Near-End 

The near-end tertiary current in the section of length / is similarly 
formulated as 

»3(0) =wj -J- -• (7) 

2Z3 73 + 7 

The near-end near-end interaction crosstalk NN is readily obtained, in 
a fashion similar to that outlined above for the far-end near-end inter- 
action crosstalk, as 

^^ = o/^^_Z' ,, (1 - e-f^.+T'OCl - e-(n+.)''). (8) 

2(73 + 7) 

Tertiary Short-Circuited 
The general case of the crosstalk between coaxial lines of length / 
with the tertiary short-circuited at each end may be attacked as follows. 
At any point at a distance x from the sending end, the voltage gradient 
along the outer surface of the outer coaxial conductors, for unit sending- 
end current, will be Zue""^*. Each differential element, Z^e^y'dx, of 
this voltage drop will produce a current in the tertiary circuit de- 
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termined by the impedances, Z' and Z", of the tertiary as seen in the 
two directions from this point, these impedances being 



and 



Z' = Zz tanh y^x 

Z" = Za tanh 7a (/ - x) 



(91 
(10) 



respectively toward and away from the sending end. 

At any other point at a distance y from the sending end, the tertiary 
current due to the voltage Zi3e~''''dx will be given, for y > x, by 



■ r 1 = ^ise~'"'dxcosh ysjl — y) 
^3^y) - z' + Z" cosh 73(/ - X) 



(11) 



From this the transfer admittance A{x, y) between these two points 
is obtained as 



A {x, y) = 



cosh 73 (/ — y) 



.Zstanh 73a; cosh yzQ — x) -\- sinh 7a(/ — x) 
Similarly, for y < x, this transfer admittance is obtained as 

A(x y) = 1 cosh 73y 

' Zgsinh 73X + cosh 73s; tanh 73(7 — x) 

The tertiary current, i^ix), is given by 



h{x) = I Zi3e-"'A(x, y)dy 
Jo 



(12) 



(13) 



(14) 



from which we obtain 
*«W -2Z3sinh73; 



X 



73 



-\-y[ 



cosh 73(/ — x) + e-i-' sinh 73/ 
— e~^' cosh 73.1; 



1 r cosh 73(/ — x) — e"''" sinh 73/ 
73 — 7 L ~ ^"''' cosh 73.1; 



(15) 



Far-End Crosstalk 

The indirect far-end crosstalk FJ due to this tertiary current (eq. 15) 
is given by 

F.' = e-^'f'^^^e-y^'-'^dx ' (16a) 

_ _Z^3_ r __/73^ 2737' cosh 73/ - cosh 7/ 1 , .. 

2ZZ33 L ys' - y' {y^ ~ y')' sinh 73/ J " ^ ^ 
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If this is combined with the direct far-end crosstalk -^^ , and the 

terms rearranged as in the case of equation (2b), the total far-end 
crosstalk F, is obtained as 



^ = x[/(l -^) - 



n 



y 



73^ - y- 



737^ cosh 73/ — cosh 7/ 



(73= - y'y 



sinh 73^ 



]■ 



(17) 



It will be noted that equations (2b) and (17) differ only in the terms 
which are not proportional to the length and which thus are of de- 
creasing importance as the length becomes great. 

Near-End Crosstalk 

The indirect near-end crosstalk N,' due to the tertiary current h(x) 
is given by 

iV/=£^i|^^--rf:c (18) 

By substituting is(x) from equation (IS) herein, and combining the 
result with the direct near-end crosstalk, 

Z12 1 - g-^^' 
2Z 27 

we obtain the total near-end crosstalk N^, which may be written in 
the form 



N, = X 



1 - e-'y^ ^^ _^j _^ ^7^73^ + 7-) 



27 



$737" 



(73= - 7^) = 



(73^ - 7^)^ 

(1 + e^^T-Q cosh 73/ - 2e-^' 
sinh 73Z 



(19) 



II — Identical Coaxial Lines Symmetrically Placed with 
Respect to Each of Two Dissimilar Tertiaries 

We will now consider the case of any number of identical coaxial 
lines with the outer conductors in continuous electrical contact and 
symmetrically placed with respect to each of two dissimilar tertiaries 
with coupling between them. 

In an unpublished memorandum by J. Riordan, the general forms 
are developed for the currents and voltages in two parallel circuits 
having uniformly distributed self and mutual impedances and ad- 
mittances, when these circuits are subjected to impressed axial fields. 
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These currents {7i and I2) and voltages (Fi and Fa) (the subscripts 
applying, of course, to the respective tertiaries) are given by the 
coefficient array, 





(ai + Pi)e-y^- 


(bi 


+ Qi)ey" 


(a 2 


+ P2)e-^'" 


(62 


+ <32)e^'' 


/. 


1 




~ 1 




V2 




- Va 


h 


■ni 




— TJl 




I 




- 1 


V^ 


K, 




X. 




— i/i-K^a 




— »?iiir2 


V, 


— -ntKi 




— Vi^i 




-RTs 




iT, 



where oi, 61, 02 and 62 are constants to be determined from the boundary 
conditions, and 



1 2Ai(1 - T7l7)2) J 



Q2 2X2(1 



i r fe^y^-(^,f, + /.)rf:c. (21) 



/i and /a being the impressed fields along circuits 1 and 2 respectively. 
If we consider the two tertiary circuits as consisting of (1) the outer 
coaxial conductors in parallel with return by tertiary path 1 and (2) 
tertiary path 1 — tertiary path 2, only tertiary circuit 1 will be 
subjected to an impressed field. Thus we will have /j = and 
/i = Ziae~'''' (for unit sending-end current in the disturbing coaxial 
line), where Zu is the mutual impedance, per unit length, between a 
coaxial (in the presence of the other paralleling coaxials) and tertiary 1, 
and 7 is the propagation constant, per unit length, for the coaxial 
circuit. The other quantities in this array are circuit parameters 
given as follows in terms of the series impedances Zn, Z22 and Z12 per 
unit length and admittances on, O22 and 012 per unit length (subscripts 
U and 22 for self impedance or self admittance of circuits 1 and 2 
respectively, and 12 for mutuals) : 



'^\ = ^[_anZii -\- aiiZ-it + 2a.i2Zi2 ± ((anZu — a22Z22)^ 

"^^ + 4(onZi2 + ai2Z22)(ai2Zn + O22212))"'], (22) 



0'llZl2 -\- 012^22 
72" — (luZ\2 — (I22Z22 
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o-izZii + 


022^12 




Xl 


Zi 


+ VlZl2 

7i 
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— ViC^ii 


K2 


Z2 


4- Vi^i2 

72 




72 


022 


— 171012 



(23) 
(24) 
(25) 
(26) 
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From equations (20) and (21) above, we have 

Zi3 



2ii:i(l - i?ii?2)(7i — t) 



~Zu 



2Ki{\ — Tjn;2)(Ti + y) 
IKzil ~ r)ir)2){y2 — t) 



P2 = 
Q2 = 



g(T,-7)i^ 


(27) 


g-CTi+T).c^ 


(28) 


e(Ti-T)i^ 


(29) 


e-(Ti+T)i, 


(30) 



2K2{\ — 171172) (72 + 7) 
If we designate 

iCi(l- 171172X71^-7==)^^^' 
and 

K,{\ - vm)W - y'V^ "^'^ 
we have 

/i = flic"'''^ — &ie'"' + i72«2e-''»' 

- il2&2e-''^ + (iAi7i + lA^^?27^)e-'^ (31) 
h = vidi^^'*'' — Tjifeie'*''' + aze-'f'' 

- 626^'^ + (i/'ii7i7i + '/'272)e-^', (32) 
Ki = Kiaie—"'' + KibiC^^' — i]iK2a-2e-y*' 

- ViK^bzey^' + (^1^17 - ^2K27]iy)e-^y', {S3) 

V2 = — T]2Kiaie-y^'' — 7i2Kibie''>' + K^a^e"''^' 

+ K^b^ey^ - (^iKmy ~ ^P2K2y)e-y^. (34) 

Before proceeding; with the application of these results to specific 
crosstalk problems, we will establish certain relations which, as in the 
single-tertiary analysis, will be fundamental in relating crosstalk 
measurements on short lengths of cable to the crosstalk to be expected 
in a longer length. 

Let us consider the crosstalk as measured on a short length under 

the following two conditions: (1) both tertiaries open and (2) tertiary 

1 short-circuited at each end and tertiary 2 open. We will designate 

the crosstalk under condition (1) by XI and under condition (2) by 

Xl(l — f). Under condition (2) the tertiary current (/i) for unit 

7 
current in the energized coaxial is given by -^ and the indirect cross- 

72 7 

talk current in the disturbed coaxial is thus ^„y" , so that we have 
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Interaction Crosstalk with One Tertiary Short-Circuited 

Far-End 

For the sake of simplicity, and with no considerable loss of applica- 
bility, we will postulate the restriction that e^'' and e"^*' are large 
compared with e''', where / is the length of the section in which we are 
formulating the tertiary currents. 

Referring to equations (31) to (34), under the above restrictions the 
terms involving e'''^' and e^"^'^ are negligible in the region near x = I 
and thus in this region 

/i = - biey'' - V2b2€-"' + lipi - qi) + V2{p2 - 2^)>"''^ (-'6) 

/a = - vibie-f'^ - &2e-^"^ + MPi - 2i) + ip2 - 22)>"^^ (-57) 

Fi = Kibie^'' - ■niKihe''^' 

+ IKiipi + gi) - mK2{p2 + q_2)~\e-y', (38) 

V^ = - ri^Kibie-"^ + K^b^e^^' 

+ [ - mKiipi + qi) 4- K2{p2 + 52) >-^', (39) 

where ^ 



^' 2iCi(i -7„T,,)(-yi-T)' 

^'"2X1(1 -7Jl7?2)(7l + 7)' 
-^13T?g 

^^"2^^2(1 -7,17;,) (72 -7)' 



(40) 

(41) 
(42) 
(43) 



_ — ■^I37?2 

^' ~ 2K2{1 ->Jl7?2)(72 + 7)' 

If, now, X is measured from the far end, and the following substitu- 
tions are made as a matter of convenience:^ 

a, = &ie<T.+i')', (44) 

a, = b^e^y^+y^', (45) 

equations (36) to (39), multiplied by e>' so that the currents and 
voltages are given for unit received current in the energized coaxial, 
become 

/, = - oie-T.^ - n^ase-y^^ + lipi - Si) + V2(p2 - qiUe"", (46) 

/a = - ijiflifi-f'' - Oae-T.- + [r,i{pi - qO + (pa - g2)>^', (47) 

2 The terms involving e~y' here are identical with the corresponding terms in 
equations (31) to (34) except for the change in nomenclature, which m each case has 
been chosen so that the a's and b's will be given by simple functions of the parameters 
employed (^'s and q's here: yp's in the previous equations). 

3 at and Oj here have no relation to fli and fla in equations (31) to (34). 
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+ iKiiPi + gi) - mK2{p2 + 22)>^*, (48) 

+ [ - v2Ki{pi 4- 2i) + K2(P2 + gO>^^ (49) 

In the section, of length /', adjacent to the far end of the energized 
section, the impressed fields are zero and thus (under the condition that 
gTi'' and e''*'' are large compared with unity), using primes to indicate 
currents and voltages in this region, with the distance x' taken positive 
from X = I, 

h' = ai'e-Ti^' + T}2a2'e-'<^'', (50) 

// = 7jiai'e-T'^' 4- aa'e--^'^', (51) 

Vi' = Kiai'e-''^'' - viK2a2'e~y''', (52) 

V2' = - v^Kiai'e-y ''' + K2a2'e-y^^'. (53) 

With tertiary 1 short-circuited, the boundary conditions to be 
satisfied are that at x = x' = 0, Vi = Vi = and I2 = 1% ^ From 
these boundary conditions, we obtain 

a,= - ip, + gO + ^_^--^^_, (54) 

"'--^f' + i'^ + ^KT+^iMr' (^" 

"^ - K, + v^'K2 ' ^^^> 

'^^ - if, + ,,^Jf. • ("^ 

The equal-level far-end far-end interaction crosstalk FFt is given by ' 

7 r'' 

FF, = II ey^' j h'e-'^^'-^'Hx', (58) 

With 7/ as given by equations (50), (56) and (57), under the restric- 
tions we have placed on 71/' and 72/', we have 



4Z(1 - ^1^0(^1 + '?i'-K^2) 

L Ai(7i - y) -^.2(72 - t) J L 7i - 7 72 - 7 J 

* As pointed out in the Schelkunoff-Odarenko paper in the section on mutual 
impedance, since a coaxial circuit is Involved, the current distribution external to this 
circuit does not affect the mutual impedance, and hence the current I1' contributes 
nothing to the crosstalk. 



(60) 
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or, with the use of equation (35), 

^^' 2(1 - viri2){Kx ->r rix^K^) 

^ Ui(7i - t) -fi:2(72 - 7) J L 71 - T "^ 72 - 7 J 
The equal-level far-end near-end interaction crosstalk FN, is given by 

FiV, =||J'/i'e->^'<f:t'. (61) 

and under the restrictions we have placed on yiV and 72^, we have 

^^^' ~4Z(i -^i^2)(ii:i + 7,1^X2) 

^ L ^i(ti - 7) '^ K^{y2 - 7) J L 71 + 7 ^ 72 + 7 J ^ 

2(1 - mri^){Ki -\- ni^K^) 

X [- ^i 4- "^ 1 [^A^ + ^?^l. (62b) 

^ L^i(7. - yrK,{y2 - 7) J L71 + 7 ^ 72 + 7J ^ ' 

Near-End 

Under the above restriction that e^>\ e^^^', e""' and e^*'' are large 
compared with ef', the currents and voltages in the disturbing section 
near a: = Oare given by equations (31) to (34) with the 6-temis omitted, 
and the currents and voltages in the disturbed section adjacent to the 
sending end by equations (50) to (53). 

The boundary conditions to be satisfied are that at ;ii; = :r' = 0, 
Vi — Vi = Q and I2 = — h'- From these boundary conditions we 
obtain 

fj, _i_ ^ ^ _i_ ^i-^2((;2 + *?igi) (f-x^ 

a,^- {p. + q.) + -K^j^^^.K, ' *^^^ 






(65) 



a^' = ^,t^g^+^t?'^ . (66) 



iiTi + vi'K2 
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The near-end near-end interaction crosstalk NN, is given by 

72 

L -'^iCti + T) -^2(72 + 7) J L 71 + 7 72 + 7 J 

2(1 -)ji^2)(-R:i + ^i^-fi:2) 

x[ ^r'V ^ + ^r''.4- J [-^ + ^1- (67c) 

I A:i(7i + t) ■^^2(72 + 7) J L 7i + 7 7a + 7 J 

Near-End Crosstalk with One Tertiary Short -Circuited 

Although the derivation of the formula for near-end crosstalk N, 
with one tertiary short-circuited is too long to be included here, it 
seems advisable to give this formula without derivation. Under the 
above mentioned restriction that e'*''' and e"*'' are large compared with 

N, = N,-\-NN- NN,, (68) 

where 

Ni = near-end crosstalk, tertiaries terminated, 
NN = near-end near-end interaction crosstalk between two 

adjoining lengths, tertiaries with no discontinuity, 
NNt = near-end near-end interaction crosstalk between two 
adjoining lengths with tertiary 1 short-circuited at the 
junction. 

The first two terms (Nt and NN) may, with the types of cable studied 
so far, be determined with satisfactory accuracy from the single- 
tertiary analysis. In such a case, the formulas given herein are suffi- 
cient for computing the near-end crosstalk with one tertiary short- 
circuited. 

Ill — Comparison of Computed Crosstalk 
WITH Measured Values 

With 72-ft. and 145-ft. samples of the twin coaxial cable described in 
the companion paper by Messrs. Booth and Odarenko, crosstalk and 
impedance measurements were made in the laboratory, at frequencies 
from 50 kc to 300 kc, the sheath and quads in parallel being considered 
as providing a single tertiary, that is, as being connected together at 
short intervals. 
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The far-end crosstalk for a length of 5 miles was computed from these 
laboratory measurements and in Fig. 1 the results are compared with 
measurements on this length, the crosstalk in either case being prac- 
tically the same whether the tertiary was terminated or short-circuited. 



A-COMPUTEd"! FAR-END,TERTIARY TERMINATED 
B-MEASUREDJ OR SHORT CIRCUITED 

C(ANDo)— COMPUTED 

D — MEASURED FROM WEST END 



\near-end,tertiary ter- 

i/minated 




80 90 100 150 200 250 30Q 

FREQUENCY IN KILOCYCLES PER SECOND 

Fig. 1 — Far-end crosstalk and near-end crosstalk for 5-mIle length. 

In Figs. 1 and 2, the computed near-end crosstalk for a length of 5 
miles is compared with representative measurements on the above 
mentioned twin coaxial cable. Figure 1 shows this comparison with 
the tertiary terminated and Fig. 2 with the tertiary short-circuited. 
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The assumption of uniformity of the coaxial Unes, as regards transfer 
impedances, and of the tertiary circuits as regards transmission char- 
acteristics, is a more serious restriction in the computation of near-end 
crosstalk than in the case of far-end crosstalk. Even for long lengths 
of cable, the near-end crosstalk is determined almost entirely by the 
crosstalk behavior of a relatively short length of the cable near the 
sending end, whereas the average crosstalk characteristics determine 
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Fig. 2 — Near-end crosstalk for 5-miIc length, tertiary short-circuited. 



the far-end crosstalk for a long length of cable. Thus, from measure- 
ments on representative short lengths, the far-end crosstalk for a long 
length may generally be computed more accurately than can the near- 
end crosstalk. 

Similarly, the various types of interaction crosstalk depend largely 
upon the crosstalk behavior of relatively short lengths of the cable 
near the junction. In Fig. 3, the far-end far-end interaction crosstalk 
has been chosen as an illustration of the correlation which has been 
obtained between computed interaction crosstalk for the above men- 
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tioned twin coaxial cable and the measured interaction crosstalk 
The curves in Fig. 3 are for equal lengths either of 3000 ft. or 12,000 ft. 
In the case of the measured values, the junction point of the two sec- 
tions was not the same for these two lengths. Although the agreement 
between calculated and measured values is only fair, the spread in the 
experimental results for these two cases, which for uniform cable would 
be slight, is about the same as the spread between calculated and 
measured values. 
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Pig, 3— Far-end far-end interaction crosstalk between two equal lengths. 

The two-tertiary formulas have so far been applied only to one type 
of cable with four coaxial lines and a layer of paper-insulated pairs. 
The longest length of this type of cable on which crosstalk measure- 
ments have been made is 1900 ft. The various types of interaction 
crosstalk with one tertiary short-circuited, as computed from the 
formulas given above, agree roughly with the measured interaction 
crosstalk under this same condition. However, the restriction that 
the tertiary circuits involved are electrically long, as postulated in 
deriving the interaction crosstalk formulas for this case, is not satisfied. 
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and comparisons of the calculated and measured values are not very 
significant. 

It may be remarked that the application of the single-tertiary analy- 
sis to all cases in which the two tertiaries were treated alike (either 
terminated or short-circuited) gave very satisfactory agreement be- 
tween computed and measured crosstalk for this 1900 ft. length of 
4-coaxial cable. 



